ABSTRACT: For several mammalian species, it has been shown that fetal and early postnatal nutrition has a role in long-term lipid and glucose metabolism of the offspring, and it thus also may have consequences on milk yield in the dairy cow. For instance, high-energy diets during the last weeks of pregnancy may result in increased glycemia, which in turn, may alter fetal adipose tissue development. However, most research efforts on management and nutrition of dry cows have focused on minimizing metabolic disorders of the postpartum cow without devoting much attention to potential consequences for the offspring. Similarly, nutritional needs for proper placental development and early fetal growth have received little attention, despite the fact that alterations in placental and fetal development may alter expression of genes participating in homeorhesis of the offspring. Therefore, nutrition of the pregnant cow, both while lactating and dry, should also consider aspects of placental and fetal development that may affect health and performance of the progeny. Similarly, newborn calves and young heifers are fed to ensure a particular growth target without compromising mammary development, although data linking postnatal growth targets with future milk yield are scarce. However, milk yield not only depends on mammary development, but also on nutrient partitioning, which is regulated by the endocrine milieu. There are some periods of time during development where nutrition may have long-lasting effects on metabolic function and milk production. For instance, the fi rst months of postnatal life seem to be critical because recent data from both retrospective and controlled studies indicate that increased growth rate or plane of nutrition during this phase is positively associated with future milk production. Postnatal growth rate depends on nutrition (a necessary but not suffi cient condition) and management (i.e., grouping strategies and housing systems), and thus optimal rearing programs should be designed considering long-term consequences on milk yield.
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INTRODUCTION
Past and current nutritional models used to assess nutrient requirements of dairy cattle have focused on maximizing production performance and minimizing metabolic upsets of the lactating cow. These models omit 2 aspects. On one hand, with the exception of copper, nutrient requirements for pregnancy are only considered during the last 3 mo of gestation. On the other hand, growth models for replacement heifers provide nutrient recommendations to attain target rates of body accretion at different stages of growth, but lack the connection between potential infl uences of different rates of BW gain at early stages of development and future milk production.
Nowadays, it is clear that nutrient supply and hormonal signals at specifi c windows during development (both pre-and early postnatal) may exert permanent changes in the metabolism of humans (Fall, 2011) , as well as changes in performance, body composition, and metabolic function of the offspring of livestock (Wu et al., 2006) through processes generically referred to as fetal programming and metabolic imprinting. Thus, it is likely that the cow of today, with high milk yield but also reproductive and metabolic challenges, is not only a consequence of genetic selection, but also the result of the way her dam was fed and the way she was fed early after birth. Long-term modifi cations of the metabolic function of the offspring during fetal development can occur through several mechanisms. Cells have developed molecular memory of past stimuli that can be transmitted through cell division (Bonasio et al., 2010) . Most long-term effects of fetal and postnatal nutrition on intermediary metabolism in mammals occur through epigenetic changes (Anderson et al., 2006; Wu et al., 2006) . These alterations are mainly due to modifi cations in the chromatin structure through acetylation of histones or methylation of DNA, resulting in modulations of gene expression with independence of gene sequence.
Potential causes and consequences of fetal programming events in beef cattle have been recently reviewed (Funston et al., 2010) . However, the potential effects on metabolic, immune, and reproductive function, as well as milk performance of pre-and early postnatal nutrition and management in dairy cattle, have been largely ignored. This article reviews the potential connections between nutrition and management practices throughout pregnancy and early postnatal stages of life and metabolic function, milk production, reproduction, and susceptibility to disease of the offspring.
NOURISHING AND MANAGING THE DAM
Several studies have reported the effects of undernutrition during pregnancy on birth BW (Tudor, 1972; Micke et al., 2010) . However, maternal effects can have long-term metabolic consequences without necessarily affecting birth BW. For example, Dabelea et al. (2000) clearly illustrated the importance of fetal metabolic environment on future metabolic function of the offspring when, in a study involving Pima Indians (a population with a great incidence of type II diabetes), they reported that siblings born to mothers that had diabetes had twice as much risk of having type II diabetes than those that were born before the mother had type II diabetes.
Potential Consequences of Milk Production of the Dam
Most of gestation, especially the fi rst two-thirds, in the lactating cow coincides with lactation, and embryonic development must compete for nutrients against the demands of maternal milk production (Bell and Bauman, 1997) . Although nutrient requirements for embryonic growth are low in early pregnancy, metabolic activity is high and it is a critical period for organogenesis and tissue hyperplasia (Robinson et al., 1999) . Thus, it would seem reasonable to expect some deleterious effects of high milk production on fetal development. However, studies evaluating the effects of milk performance of the dam on future performance of the offspring in dairy cattle are scarce and contradictory. Banos et al. (2007) reported no signifi cant effects of maternal milk production during pregnancy on subsequent offspring milking performance in the fi rst lactation. More recently, Berry et al. (2008) found a negative relationship between milk production of the dam and milking performance of the offspring in the fi rst and third, but not second, lactations and concluded that the majority of the maternal effects in progeny performance were due to factors other than maternal milk production. The lack of an association between milk production and long-term effects on the offspring is most likely due to the fact that different milk production levels can occur with distinct metabolic environments in the dam (i.e., negative, neutral, or even positive nutrient balances), and thus, it seems clear that it is the latter, not milk yield per se, that may exert modifi cations in the metabolic function of the offspring.
Potential Effects of the Intermediary Metabolism of the Dam
Nutrition is among the most infl uential intrauterine factors dictating placental and fetal growth (Barker and Clark, 1997) . In dairy cattle, there is little information about the potential effects of maternal metabolic status on subsequent metabolic function of the offspring, and nutrient requirements associated with early pregnancy are ignored and unknown (NRC, 2001 ). However, fetal development is most vulnerable to maternal nutrition around the peri-implantation period and during rapid placental development (Waterland and Jirtle, 2004) . In the pig, nutrient defi ciencies early in pregnancy that compromise placental development permanently reprogram myogenesis, with lasting consequences for growth potential and carcass quality (Foxcroft et al., 2006) , and in beef cattle, undernutrition of ~75% of recommended allowance during early stages of pregnancy compromises placental angiogenesis, cotyledon weight, and thus, fetal development Long et al., 2009) . Increased adiposity of the fetus seems to be among the potential negative outcomes of an inadequate placental development in humans (Fall, 2011) and sheep (Bispham et al., 2003; Ford et al., 2007) . Unfortunately, no information is available for dairy cattle, and there exists a strong need to evaluate this aspect because fat reserves and mobilization play an important role in early lactation.
As lactation and gestation progresses, the cow moves from a negative to a positive energy balance. The commonly recommended close-up diet (NRC, 2001) , that provides an over-supply of energy in an attempt to minimize postcalving upsets to the cow might exert some negative effects on the offspring because it increases glucose supply to the fetus and may lead toward an increased risk of obesity and glucose intolerance in the offspring, as seen in other species (Buchanan and Kjos, 1999) . Increased maternal BW and plasma triglycerides have been linked to an increased fatty acid transfer to the fetus in humans, thereby inducing increased birth weight and adiposity (Heerwagen et al., 2010) . Interestingly, offspring from ewes that were overfed throughout gestation did not show differences in growth until 19 mo of age (Long et al., 2010) . At that age, lambs were submitted to a 3-mo ad libitum feeding challenge, and offspring from obese ewes had consistently greater plasma leptin concentrations than control animals. However, these lambs consumed more feed starting at 19 mo of age and continuing during the feeding challenge (Long et al., 2010) , indicating that they were leptin resistant. Leptin resistance can lead to obesity and altered energy homeostasis (Münzberg and Myers, 2005) . Although the potential consequences of fetal growth on leptin sensitivity in dairy cattle remain unknown, it could be speculated that increased resistance to this hormone elicited by prenatal nutrition may predispose the offspring to metabolic problems during early lactation. Adiposity in dairy cattle is not a desirable trait because it has been linked with poor health (Gearhart et al., 1990 ) and reproductive performance (Heuer et al., 1999) . Therefore, there seems to be potential to minimize adiposity, and its subsequent related problems, through properly nourishing the fetus throughout gestation.
Besides modifi cations in the adiposity of the fetus, the maternal metabolic status may also alter the reproductive function of the offspring. The fi rst trimester of fetal life coincides with the peak in the number of follicles and oocytes in fetal ovaries (Erickson, 1966) , and ovarian folliculogenesis in the bovine fetus is not completed until late gestation (Rhind et al., 2001) . A protein defi ciency (i.e., 65% of recommendations) in primiparous beef cows during the last 100 d of pregnancy delayed age at puberty of the progeny (Corah et al., 1975) , whereas heifers born to dams supplemented with protein during the last third of pregnancy had increased pregnancy rates compared with heifers born to nonsupplemented dams (Martin et al., 2007) . Recently, Mossa et al. (2009) presented preliminary evidence that an energy restriction (i.e., 60% of recommendations) during the fi rst trimester of pregnancy resulted in heifers with a 30% reduction in the number of high-quality follicles (i.e., ≥3 mm) at 250 d of age, and it could be speculated that this should lead to negative consequences on future reproductive ability. However, the number of animals involved in this study was limited, and more research is needed to corroborate these results and further understand the underlying physiological basis.
Lastly, inadequate nourishing of the dam during the last stages of pregnancy may compromise the health of the offspring. It is well established that calves with poor passive transfer of immunoglobulins (i.e., <10 mg of IgG/mL of serum) have increased risk of diarrhea, respiratory problems, and mortality (Davis and Drackley, 1998) . Passive transfer of immunity depends, mainly, on the quality and quantity of colostrum offered on one side, and on the absorption capacity of the calf on the other. The latter can be affected by the plane of nutrition of the dam during late pregnancy. Linear decreases in protein intake during the last 100 d of gestation resulted in linearly impaired serum IgG concentrations in the calf, despite the fact that IgG concentration in the colostrum and amount of colostrum consumed by calves was not affected (Blecha et al., 1981) . Perhaps the colostrum from the protein-restricted dams supplied insuffi cient amounts of some fundamental constituents, as discussed later in this review, or calves were affected and programmed by the protein restriction of the dam impairing their ability to properly absorb IgG. In fact, Meyer et al. (2010) recently illustrated that a moderate (i.e., ~80% of recommendations) nutrient restriction during early to mid-pregnancy of beef cattle altered the jejunal proliferation and total intestinal vascularity of the fetus, which could alter the capacity for IgG absorption.
Potential Role of Micronutrient Supply During Pregnancy
Not only supply of macronutrients, but also micronutrients, may affect the development of the fetus. In dairy cows, AA are commonly in short availability. Although early studies indicated that abomasal infusions of arginine increased plasma GH, insulin, and prolactin, and tended to increase milk yield during the fi rst 150 d in milk (Chew et al., 1984) , arginine does not seem to be an AA that may limit milk production (Doepel and Lapierre, 2011) . However, arginine is a precursor of nitric oxide, and arginine abundance is positively associated with increased nitric oxide synthase expression in sheep (Kwon et al., 2004) . Nitric oxide is a vasoactive compound with angiogenic properties that participates in regulation of blood fl ow to the uterus and placenta among other tissues (Bird et al., 2003) . Arginine supplementation in pregnant sows increased live litter weight by 24% (Mateo et al., 2007) . However, the potential effects of arginine supplementation on placental vascularization and adiposity of the bovine fetus are unknown, and research is needed in this area.
Methionine has been identifi ed as a limiting AA in both lactating (Schwab et al., 1992; Bach et al., 2000a) and dry cows (Wray-Cahen et al., 1997; Bach et al., 2000b) . Methionine has been reported to be transported into bovine embryonic cells (Gopichandran and Leese, 2003) and to participate in the regulation of translation and DNA methylation (Métayer et al., 2008) . Thus, perturbations in the methionine-homocysteine and folate cycles, associated with inadequate methionine supply during development stages, may lead to hypomethylation of DNA and dysregulation of gene expression and metabolism of the offspring (Petrie et al., 2002) . Sinclair et al. (2007) reported evident changes in the methylation status of lambs born to mothers with a restricted supply of methyl donors (i.e., vitamin B 12 , folate, and methionine) compared with those born to ewes under physiological ranges. These adaptations are surprising because vitamin B 12 and folate should not be defi cient in ruminants, but several studies (Girard and Matte, 1998; Preynat et al., 2009 ) described modest improvements in milk yield during early lactation when folate and vitamin B 12 were administered intramuscularly to dairy cows. It could be hypothesized that the response in milk yield reported in these studies implies a limited supply of vitamin B 12 and folate during lactation, and thus, these vitamins may also alter fetal development and gene expression of the offspring.
NOURISHING AND MANAGING THE CALF
The fi rst weeks of life seem to have long-lasting consequences on the physiological function of neonates. The pioneering work of McCance (1962) illustrated that limit-feeding rats during the fi rst 21 d of life resulted in a lifetime programming of growth pattern that was less than that of rats fed properly. More interestingly, when the dietary restriction was applied for 21 d but at a more advanced age, the intervention had no lasting effect because the underfed rats showed compensatory growth gains when refed at normal levels. However, dairy cattle are much more precocial than rats (an altricial species), and thus, it could be expected that changes in postnatal growth could have a decreased impact compared with rats. Nevertheless, some studies have confi rmed that a nutritional restriction to weaning age limits compensatory growth in cattle (Café et al., 2006; Greenwood et al., 2006) , and others have described that increased ADG during the fi rst 2 mo of life results in signifi cantly greater BW at 24 mo of age (Robelin and Chilliard, 1989; Moallem et al., 2010) .
Potential Long-Term Effects of Colostrum Feeding
Colostrum is more commonly considered a source of immunity than a source of nutrients; however, right after birth, the fi rst nutrients consumed by calves are from colostrum. In addition to nutrients, colostrum is also rich in growth factors and hormones. The pioneering work by DeNise et al. (1989) demonstrated a positive and signifi cant relationship between plasma IgG concentrations and future milk production of calves that were allowed to suckle their dams for the fi rst 24 h of life. DeNise et al. (1989) acknowledged that this association was probably not due to IgG directly and suggested that it was probably linked to other factors in colostrum that could infl uence subsequent production. An example of the importance of other factors can be found in the elegant study by Hough et al. (1990) . These authors nourished cows during the last third of pregnancy to 100 or 60% of their nutrient requirements. Interestingly, despite the fact that maternal nutrition did not affect colostral IgG concentrations, calves born to nonrestricted cows that received colostrum from restricted dams tended to have lesser serum IgG concentrations at 24 h of life than those receiving colostrum from well-nourished cows. Tri-iodothyronine participates in IgG absorption at the intestinal level (Slebodziński, 1995; Boland et al., 2008) , and decreased colostral tri-iodothyronine concentrations exhibited by the nutrient-restricted mothers, compared with control dams, could be one of the reasons why serum IgG concentrations decreased. An intriguing example of the potential long-term effects of colostrum was reported by Faber et al. (2005) , who described 10 and 15% increases in mature equivalent milk production during the fi rst and second lactations, respectively, in cows that received 4 L instead of 2 L of colostrum at birth. The long-term effects of colostrum feeding are most likely related to important constituents, such as IGF-I, IGF-II, insulin, GH, epidermal growth factor, leptin, and prolactin. These hormones could participate in lactocrine mechanisms to elicit modifi cations of several hormonal axes in the calf. These hormones, for instance, promote gastrointestinal tract development (Guilloteau et al., 1997) , production of digestive enzymes (Guilloteau et al., 1997) , and absorption capacity of nutrients (Hammon and Blum, 1997) . However, there is no clear evidence whether some of the colostral hormones can be absorbed early after birth and, thus, program the animal. For instance, colostral insulin does not appear to be absorbed in the intestine, even if administered separately in large amounts (Grütter and Blum, 1991) , but calves that receive colostrum have greater postprandial insulin concentrations than calves that are colostrumdeprived (Blum and Hammon, 1999) , which indicates that colostrum does have some prolonged effects on the intermediary metabolism of the calf. On the other hand, there is some indication that at least IGF-I can be absorbed (Sparks et al., 2003) , and calves fed greater amounts of milk replacer (MR) present greater plasma IGF-I concentrations compared with calves fed conventional amounts of MR (Smith et al., 2002) . Furthermore, Hammon and Blum (1997) reported that serum IGF-I concentrations were 6 times greater in calves fed colostrum compared with those only fed MR. In addition to stimulating tissue development, IGF-I also participates in ensuring an adequate immune response by the calf (Oda et al., 1989) because it fosters proliferation and development of lymphocytes, and it has been hypothesized that enhanced-growth feeding programs may benefi t the immune system of the neonatal calf (Nonnecke et al., 2003) . However, whether these changes are permanent is not known.
Most colostral hormones and growth factors continue to be present in milk although some of them at decreased concentrations. There are 3 studies (Bar-Peled et al., 1997; Shamay et al., 2005; Moallem et al., 2010) that compare future milk performance of calves fed either MR or whole milk, and all reported that calves that received whole milk during the fi rst 1.5 or 2 mo of life produced or tended to produce more milk than those that received MR ( Table 1 ). Despite that, no clear explanation exists for this improvement in milk production, and that the number of animals in these studies was limited (i.e., n ≤ 15), it would be possible that some hormones present in whole milk, and absent in MR, imprint the metabolic function of the calf and affect future milk performance. For example, whole milk contains leptin, and breast-fed infants are leaner and protected from becoming obese (Locke, 2002) and have a different ability to regulate food intake compared with those fed infant formula. Leptin can be absorbed, at least in rats, from the immature stomach into the blood stream (Casabiel et al., 1997; Woliński et al., 2003) , and perhaps, the increased milk production when offering whole milk to calves is somehow related to leptin activity and modulation of intake later in life. Nevertheless, the physiological impact of leptin or other hormones present in whole milk may potentially exert strong effects to allow detecting differences in milk yield with less than 10 animals/treatment and changes in postnatal ADG as little as 100 g/d as occurred in some of the studies presented herein.
Potential Effects of Postnatal Plane of Nutrition
The plane of nutrition of young calves is mostly dictated by the quantity of milk or MR offered. In general, when feeding large amounts of MR, ADG is improved, but solid feed intake decreases and this may potentially blunt most of the BW gain differences between animals in high vs. low milk regimens after weaning (Terré et al., 2007) . However, other reports indicate that this decrease in performance after removal of liquid feeding can be avoided by weaning based on concentrate consumption (Roth et al., 2009) or progressively decreasing milk allowance (Khan et al., 2007) .
There are several studies that report increased milking performance in cows that received relative large allowances of milk or MR as calves. The fi rst study was actually conducted in beef cattle. The progeny of cattle that were weaned at 240 d of age tended to produce ~10% more milk than the daughters of cattle that were weaned at 140 d as calves (Holloway and Totusek, 1973) . In dairy cattle, calves that were allowed to suckle their dam or received large amounts of whole milk produced (Shamay et al., 2005) or tended to produce (Bar-Peled et al., 1997) more milk in their fi rst lactation than calves that were bottle-fed MR (BarPeled et al., 1997) . A more recent study (Moallem et al., 2010) also showed that calves fed whole milk ad libitum twice daily for 30 min produced more milk than those fed MR also ad libitum twice daily for 30 min. Contrary to Bar-Peled et al. (1997) and Shamay et al. (2005) , in the study by Moallem et al. (2010) , BW at calving was greater for heifers that consumed whole milk plus additional protein during the growing phase compared with those that were fed whole milk or MR with no additional protein. Therefore, part of this improvement in milk production, which was greater than in the former studies, could be due to the increased BW at calving because it was shown previously that BW at calving and future milk yield are positively correlated (Keown and Everett, 1986; Bach and Ahedo, 2008) . Nevertheless, from these 3 studies, it is diffi cult to conclude whether the potential increase in milk performance is consequence of a greater supply of nutrients or also due to frequency and method of feeding (i.e., ad libitum with several bouts of consumption vs. 1 or 2 feedings per day) or type of milk constituents being provided in whole milk vs. MR. In terms of frequency of milk or MR feedings, there is some evidence that infrequent supply of greater amounts of milk or MR may lead to insulin resistance. The Holstein calf is more prone to insulin resistance than other breeds (Bossaert et al., 2009) , and insulin resistance is a problem in veal calves that receive large volumes of milk (Hostettler-Allen et al., 1994) . In dairy cattle, if the diminished insulin responsiveness were maintained through adulthood, it could favor milk production on one side because more glucose should be available for the mammary gland, but it could also favor increased risk of metabolic problems and poor reproductive performance. Providing large amounts of milk twice daily (i.e., 3 or 4 L twice daily) may induce increases of glucose to the animal that may have consequences on future metabolic responses. For instance, plasma glucose concentrations are less in veal calves fed at least 6 times per day than in calves fed the same amounts of milk twice daily (Kaufhold et al., 2000) , and Terré et al. (2009) reported an increased insulin-toglucose ratio, indicative of a certain degree of insulin resistance, in calves receiving large amounts of milk twice daily compared with those receiving only 4 L/d also twice daily. These results indicate that combining high milk or MR volumes with low feeding frequency may elicit insulin resistance in calves, but no evidence of potential long-term consequences of such a metabolic status was reported in dairy cattle.
In terms of type of milk constituents, there are 4 studies ( Table 1 ) that compare similar types of nutrient provision (i.e., MR) and different allowances on future milk production. In one study, calves fed MR at 2.1% of BW during preweaning reached puberty and calved 30 and 18 d earlier, respectively, with similar BW compared with calves fed MR at 1.2% BW, and they tended to produce more milk when corrected for genetic variation based on parent average values (Davis Rincker et al., 2011) . In another study, Terré et al. (2009) However, calves in this study had relatively low ADG (i.e., ~400 g/d) and were weaned abruptly, which probably resulted in a severe slump in growth for the calves on high milk allowances. In fact, these calves gained 70 g/d less than the control animals during the 2 mo after weaning.
It seems that increasing the allowance of MR may have positive effects on future milk performance, but it is less evident than the improvement obtained when the additional liquid feeding is in the form of whole milk rather than MR. However, a question remains about whether milk allowance is a necessary condition to achieve this potential increase in milk yield later in life or it can also be obtained by fostering consumption of solid feeds. Prospective studies indicate that growth rate, driven mainly by starter intake, is positively correlated with future milk yield (Bach and Ahedo, 2008; Heinrichs and Heinrichs, 2011) and survivability to second lactation (Bach, 2011) . Bach and Ahedo (2008) reported that milk yield during the fi rst 305 d in milk of the fi rst lactation increased 180 kg for every 100 g of ADG (driven by solid feed consumption, not MR) during the fi rst 2 mo of life. In the same line, Heinrichs and Heinrichs (2011) reported that for every 1 kg increase in DMI at weaning, approximately 290 kg of mature equivalent milk could be expected in the fi rst lactation and longevity increased as the age at which calves reached a minimum consumption of 0.91 kg/d of starter decreased. These improvements in future milk yield, of ~180 kg of milk yield/100 g of ADG, associated with increased ADG through enhancements in solid feed intake, are equivalent to those obtained by performing a simple meta-analysis with the 7 studies from Table 1 between ADG during the fi rst 2 mo of life and future milk production. This meta-analysis showed that for every 100 g of ADG during the fi rst 2 mo of life (mainly achieved by increases in milk or MR consumption), an additional 225 kg of milk could be expected during the fi rst lactation. These results seem to indicate that it is not only milk provision, but also solid feed consumption and, thus, plane of nutrition as a whole that may be responsible for imprinting postnatal calf metabolism and promote improvements in performance. As more data in this area become available, a more thorough meta-analysis linking growth and health status during the fi rst months of life and milk performance during the fi rst lactation should be performed.
There is an extended belief that the critical period for mammary development of heifers occurs between 90 and 300 kg of BW (Sejrsen et al., 1982; Capuco et al., 1995) . However, little information is available about the impact of plane of nutrition on mammary development during the fi rst 3 mo of life. Empirical evidence provided above indicates that rapid postnatal growth rates would not compromise future milk yield, but the contrary; increased growth is likely to result in better performance. In fact, Brown et al. (2005b) reported that mammary parenchymal mass increased and content of mammary parenchymal DNA almost doubled in calves receiving double the amounts of MR between 2 and 8 wk of age compared with control calves, but interestingly, plane of nutrition during the 7 wk after weaning had no effect on mammary development. In a similar study, Meyer et al. (2006) reported close to a 40% increase in mammary epithelial cell proliferation in 100-kg calves that had been fed to support gains of 950 g/d compared with calves fed to support BW gains of 650 g/d from 10 to approximately 60 d of life. However, differences in cell proliferation were not evident at late stages of development. These results indicate that a critical window for imprinting mammary gland capacity for milk production seems to be constrained to the fi rst 8 to 10 wk of life. Furthermore, when providing a high plane of nutrition to calves, in addition to changes in mammary gland, drastic increases in plasma leptin and IGF-I have been described by several authors (Petitclerc et al., 1999; Bartlett, 2001; Brown et al., 2005a) . Thus, it could be hypothesized that at least a fraction of the improvements in milk production associated with increases in postnatal ADG are likely mediated by changes in intermediary metabolism promoted by IGF-I among other potential endocrine signals.
Potential Effects of Weaning Method and Calf Management
Weaning is a stressful event (Weary and Jasper, 2008) . The stress associated with weaning may compromise the immune response of calves for at least 2 wk after weaning (Hulbert et al., 2011) , and incurred illness may compromise growth of calves (Berge et al., 2009 ). Bach et al. (2010) showed that grouping at preweaning, when the MR offered was halved, fostered intake of solid feed and diminished relapses of bovine respiratory disease compared with calves that were kept individually housed. Group composition is also important because grouping animals based on the history of respiratory disease will minimize subsequent incidence of the disease . Social behavior is another important aspect of grouping of calves. However, longterm consequences of different grouping and managing strategies of young stock reported in the literature are inconsistent. One study indicates that calves that were left with their dams for the fi rst days of life started eating concentrates earlier and ate more concentrate, but no differences in milk production were found between calves that were separated at birth from the dam or allowed to either suckle the dam or be with the dam for 5 d . On the other hand, Mogensen et al. (1999) reported that calves reared in closed single pens approached humans more readily than those reared in groups, but there were no differences in milk production. However, 2 studies from Utah State University evaluated the long-term effects of keeping calves isolated (i.e., so that they could not establish visual contact with other calves) until weaning or rearing them in groups of 6 and reported either no differences (Arave et al., 1992) or an increase in future milk performance (Arave et al., 1985) in calves that were isolated until weaning. The authors concluded that isolated calves had inhibited aggressive behavior and close contact with their mates, which is in line with observations that calves reared with their dams show more dominant behaviors than calves reared artifi cially (Le Neindre, 1989) . More studies are needed to track calves with different grouping strategies on future milk yield.
SUMMARY AND CONCLUSIONS
Unfortunately, there is a lack of studies in dairy cattle that allow evaluation of the importance of dam nutrition on subsequent metabolic function and performance of the offspring, but evidence from other species and beef cattle indicate that future metabolic, milking, and reproductive function of the cow of today is not only a result of genetics, but also the consequence of the metabolic environment during fetal development and postnatal nutrition and management. More research is needed about the consequences of plane of nutrition and supply of micronutrients such as AA and vitamins during gestation on offspring metabolic and reproductive function. Similarly, prospective and controlled studies have shown that rearing conditions, colostrum consumption, and plane of nutrition early after birth are linked with future milk production of dairy cattle. Potential underlying mechanisms, such as long-term modifi cations of behavior, intake regulation, and intermediary metabolism of calves, responsible for positive outcomes in milk yield need to be elucidated through further research.
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